and light. Jour. Agr (3, 19) on the metabolism and biosvnthesis of acids in tomato fruits indicated that malate is synthesized in part by a CO2 fixation of the C, + Cl type. The suggestion was also made that a C, + C, condensation presumably of the Thunberg type may have played an important role in the biosynthesis of fruit acids. The formation of malate in apples by way of CO, fixation has also been reported by Allentoff (1). More recently the net synthesis of malate from glyoxylate and acetate through the action of malate synthetase has been demonstrated by Wong and Ajl (21) . Glyoxylate is presumably derived indirectly from acetate via the isocitritase reaction (5, 17) . The combined operation of these processes, constituting the glyoxylate cycle (11) , in castor bean seedlings has been recently reported by Kornberg and Beevers (10) . ' Received revised manuscript March 16, 1960 Radin (16) .
The radiochemical purity of these compounds was determined by paper chromatography and radioautography.
ADMINISTRATION OF LABELED SUBSTRATES: The labeled substrates were introduced into the fruit as aqueous solutions by means of the modified vacuum infiltration method described by Barbour et al (2) . Substrate levels used in both the radiorespirometric and incorporation experiments are summarized in table I. The amiiino acids were eluted from the Dowex-50 column with 4 % HCI. After removal of HCI by repeated evaporation of the aqueous solution, the radioactivity of the amino acids was assayed by a persulfate combustion (6) . Individual amino acids were separatedl and their radioactivity estimated by means of paper chromatography and radioautography.
The specific activity of the isolate(d nmalic acid was determined by the persulfate combustion method. The isotopic distribution pattern of malic acid was determined in the following manner: A. Malic acid was degraded by a KAInO4 oxidation giving rise to CO., corresponding to C-1 and C-4 and acetaldehyde corresponding to C-2, 3 (8) . The acetaldehyde was further degraded by the iodoform reaction (9) converting C-3 of malate to iodoform and C-2 to formate.
The excess iodine in the reaction mixture was removed by tlliosulfate titration and the insoluble iodoform recovered by centrifugation. The formic aci(l was recovered by steam distillation and was subsequently oxidized to CO., with HgO. B. MIalic aci(d was heated at 500 C in 100 % H2SO4 thus giving rise to CO from C-1. The CO was converted to CO., by passing it over CuO at 4000 C (15) . The specific activity of C-4 of iiialate was determine(ldirectlv by raisinig the reaction temperature from 500 to 1000 C after all the C-1 had been recovered as CO.
The specific activity of the dilutedl calcium citrate was dletermined by a persulfate oxidation. The labeling pattern in citrate was determined as follows: A.
C-i, 5 were convertedI to CO, and C-6 to CO by the action of 100 % H. SO1 (20) . The latter was oxidized to CO, as described in the nmalate dlegradation. The activity in C-2. 3, 4 was obtaine(d by a Van Slvke oxidlation (18) of the acetone remaining in the reaction vessel after decarboxylation. B. Citrate w\as (lecarboxylated and the resulting acetone trapped as its Deniges complex (20) . The specific activity of C-2, 4 was obtained by means of a hypoio(lite oxidation (9) of the acetonie liberated from this complex. The activity of C-3 was obtained by way of the hydrazoic acid degradation of acetic acid (14) obtained in the iodoform reaction.
RESULTS AND DISCUSSION
In order to evaluate the roles playedl by the malate svnthetase reaction and isocitritase reaction in tomato fruit it is desirable to first examine the participation of glyoxylate in the respiratory function, consequently glyoxylate-1-and -2-C14 were employed as test substrates in a set of radio-respirometric experiments. (7) . The C-1/C-2 ratio for glyoxylate radioactivity recovered in C0, calculated from the radiochemical recoveries observed at the end of the experiment, was 4.7/1. The C-1/C-2 ratio observed for acetate was 3.7/1. The marked differences observed in the C-1/C-2 ratios and in the general profile of the interval radiochemical recovery curves for acetate and glyoxylate suggest strongly that basically different routes are involved in the entry of the respective acids into the respiratory mechanisnm. One of the most interesting differences in catabolic behavior between these two substrates is that the radiochemical recovery curve for C-1 of glyoxylate possesses two maxima observed in three replicate experiments. Such a behavior may indicate that there exist two catabolic routes available to glyoxylate, one of which is either relying on the product of the first reaction or operating independently but at a much slower rate, resulting in a second peak rate of C14O.2 production from glyoxylate carboxyl carbon. Further discussion of these possibilities will be presented in connection with the glyoxylate incorporation data.
The interesting finding in the radiorespirometric studies of glyoxylate utilization prompted the use of C14 specifically labeled glyoxylate in incorporation experiments. The distribution of the substrate radioactivity in various fractions of the test fruit is summarized in table II. The relatively large amount of radioactivity found in the amino acid fraction was almost exclusively in the form of glycine and serine. This is not surprising in view of the well known conversion of glyoxylate to glycine (13) . It was also noted that the serine isolated from the glyoxylate-2-C14 experiment was much richer in C'4 relative to glycine than an analogous comparison in the glyoxylate-1-C'4 experinment. The latter fact accounts for the observed heavier labeling of the amino acid fraction from glyoxylate-2-C14 in comparison to that from glyoxylate-1-C'4. The preferential incorporation of glyoxylate-2-C14 radioactivity into serine can tLE be explained by the role played by C-2 of glyoxylate in the formylation of glycine. Such a series of reactions has been (lescribed by Nakada (13) . The carbohydrate fraction in the glyoxylate-1-C'4 experiment contained 9 % of the total substrate radioactivity in contrast to a value of 15 % observed in the glyoxylate-2-C" 4 The bulk of the radioactivity in the acid was present in the form of intact glyoxylate. 1 % of the total substrate radioactivity was in malic and citric acids isolated in either the ate-i-or -2-C14 experiment. It is also intere note that fruit acetate contained no detectabl activity in these experiments. In view of tU turnover of acetate in tomato fruit (7. 19) total duration of the glyoxylate incorporation ments (34 hrs), it is reasonable to believe t] oxylate was not converted to acetate to any significant extent. Two per cent of the glyoxylate-2-C14 radlioactivity was accounted for in the formate-fumarate fraction in contrast to a trace amount of C14 detected in the same fraction in the glyoxylate-1-C'4 experiment.
The isotopic distribution patterns observed in malate and citrate are given in table III. In view of the observation that substrate activity was not detected in the fruit acetate and that the only likely mechanism whereby C-1 and C-2 of citrate may become labeledl is the condensation of acetyl CoA with oxaloacetate, it was therefore assumed that the observedl ra(lioactivity of C-1, 5 and C-2, 4 was in actuality located solely in C-5 and C-4 of citrate, respectively. These patterns represent the observed and that corrected for pool size and dilution. It is evident that the interpretation of the observed labeling patterns could become quite complicated in view of the many possible modes by which a specific carbon in either citrate or malate may become labeled. Nevertheless some qualitative conclusions can be drawn from these results with regard to the metabolic behaviors of glyoxylate in tomato fruit.
In view of the radliorespirometric data observedl in the glyoxylate experiment and the important role played by the TCA cycle in tomato respiration (19) , it is reasonable to believe that glyoxylate, particularly the aldehyde carbon atom, was incorporated into TCA intermediates prior to oxidation to CO. Examination of existing literature revealed that there are at least three possible mechanisms for such an incorporation. The 
